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INTRODUCTION 

The need for new mater ia l s  that will withstand the r igo r s  of the 
space environment is evident in every phase of spacecraf t  development. 
This need is necessitating a sizeable r e sea rch  and development effort 
in ma te r i a l s  science. One of the cr i t ical  a r e a s  is the development of 
improved non-metall ic mater ia l s  for u se  a s  coatings, plast ics ,  adhe- 
sives,  e las tomers ,  etc. Since most  of these mater ia l s  a r e  composed 
of complicated long chain molecules known as polymers ,  a r e s e a r c h  
p r o g r a m  for  the development of new polymers  has  been undertaken. 
This p r o g r a m  has led to the development of a number of new types of 
polymeric  mater ia ls ,  but one type, in 
ing propert ies .  These polymers  have 

par t icular ,  has  shown outstand- 
the general  formula,  

The silicone polymers  having the general formula, 

n 

have many outstanding propert ies  although they do have some short-  
comings. To improve these properties,  the silicone polymer has  been 
modified in a number of ways. The work descr ibed here  has accom-  
plished the se  modifications by incorporating the highly stable phenyl 

groups, Dl , into the "backbone" of the silicone polymer.  This 

i s  represented by R in the f i r s t  of the above formulae.  
I 
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SUMMARY 

In an effort to develop new and improved polymeric ma te r i a l s  for  
space application, a new s e r i e s  of polymers  has  been pr,epared. 
of these have shown outstanding thermal  stability and good stability 
when exposed to ultraviolet radiation in a vacuum environment. 

Some 

High molecular weight polymers  of the general  type 

$ 0  -ii -O-RR' $ 
I "  -n I 

have been prepared by the reaction of a silyldiamine with various 
organic diols. Bis  (anilino) diphenylsilane has  been reacted with such 
diols a s  hydroquinone, resorcinol ,  p, p'-biphenol, 2 ,  7-napthalenediol, 
2, 2-propane-bis-(4-hydroxybenzene), 1, 6-hexanediol, and 4, 4'-dihy- 
droxydiphenyl e ther .  Of these,  the polymer containing the biphenyl 
linkage, polydiphenylsiloxybiphenyl, has  the more  de s i rable  proper t ies .  

Polydiphenylsiloxybiphenyl i s  stable to 6OO0C (1 112OF) for  shor t  
periods of t ime,  
may  be drawn direct ly  and continuously f r o m  the polymer melt .  This 
polymer fo rms  a hard  protective coating on aluminum, remains  stable 
a f te r  being heated a t  5OO0C for  60 minutes,  and shows no change a f t e r  

F ibe r s  with fai r ly  good tenacity, 0. 5 grdIlis per  denier,  

96 hours a t  270OC (518OF). It a l so  fo rms  good t ransparent  semiflexible 
f i lms and has  good tensile strength a s  an ambient temperature  adhesive. 
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ABSTRACT 

The purpose of this study was to  synthesize and develop a new 
c l a s s  of polymers  which have improved physical and chemical prop- 
e r t i e s .  

Po lymers  which have useful proper t ies  and v e r y  good the rma l  
stabil i ty were  prepared  by combining the thermally stable a romat ic  
r ings with the silicon polymer chain. 
general  s t ruc ture ,  

These polymers  have the 

0-Si-0-R' tj f 9  n 

where R r ep resen t s  an alkyl o r  aryl  group and R' i s  an alkyl, a r y l  
substituted alkyl, biphenyl o r  diphenyl e ther  linkage. 

The polymer showing the best  p roper t ies  is  polydiphenylsiloxy- 
biphenyl which i s  stable to 6OO0C (1112OF) for  sho t t  per iods of t ime.  
It is  a l so  r e a s d y  stable wHen exposed to ultraviolet  radiation, has  
good f iber  and film formjng propert ies ,  and i s  a good adhesive at 
ambient  temperatures .  ' 



Thermogravimetr ic  analysis of this  polymer showed a weight l o s s  of 
18% at 5OOOC and 46% at 9OOOC. 

The cleavage of Si - N bonds by nucleophilic reagents  is discussed 
in numerous repor t s  in the l i t e ra ture  (Ref. 3, 4, 5, 6, and 7). Pike 
(Ref. 8 and 9) has  studied the ra te  of condensation of monofunctional 
silylamine s with monofunctional silanols, 

R,Si OH $ RS SiNR; ir R,Si-0-Si R' # HNR;. 

The extent and ra te  of reaction a r e  dependent upon the s t e r i c  hin- 
drance around both the silicon-nitrogen bond and the hydroxyl group of 
the alcohol and acidity of the attacking alcohol. 
of si lylamines toward a given silanediol decreased in o rde r ,  

The ra te  of reaction 

(CH,)3 SiN (CzH5)2 ' (CH,)3 SiNH-C,H9- n>(CH3)Z 

However, our  work has  shown that the stable silylamine, bis (anilino) - 
diphenylsilane, (C6H5), Si (NHC6Hs)2, will reac t  with a number of 
dihydroxy compounds a t  r a t e s  which a r e  adequate to  produce high 
molecular weights in relatively short  periods of time. 
appears  to  have enough s te r ic  hindrance so that t he re  is no apparent 
tendency to cyclize. 

This silylamine 

EXPERIMENTAL 

Our investigation encompassed the melt  polymerization of organic 
diols with bis-(anilino) diphenylsilane. 

+ C6H5NHz 

This included such diols as hydroquinone,' resorcinol ,  p, p'-biphenol, 
2,  7 -naphthalenediol, 2, 2-propane -bi s -( 4-hydroxybenzene) - (Bisphenol 
A),  1, 6-hexanediol, and 4, 4 '  -dihydroxy-diphenyl e ther .  Alkylaryl 
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Division f o r  the i r  ass i s tance  in  the analysis  and character izat ion of 
these mater ia ls .  Appreciation a l so  i s  expressed  to  Dr.  Robert  E. 
Burks  of Southern Research  Institute f o r  h i s  ass i s tance  in  th i s  study. 

STATE O F  THE ART 

MacFarland and Yankura (Ref .  1)  reported the preparat ion of a 
polymer with the s t ruc ture ,  

r 

O I  n 

, 

which can be prepared by two different methods. 
arat ion was 

One method of prep-  
by the following alcoholysis type condensation reaction: 

The other was a condensation between the chlorosilane and the dihy- 
droxydiphenylether s. 

R 
I 

/ HC1. C1-Si-C1 / HO. 
I 

R 

Breed and Elliott  (Ref. 2) have reported a polymer with good 
thermal  stability which was prepared  by the following reaction; 

H Me Me Si H 

Me-N-Si-N-Si-N-Me I I I I I  4 HO -OH& 

I 
Me 

I 
Me 

I" Me Me Me 1 
. 

Me 
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copolymer was prepared  also.  
at elavated temperatures ,  and f ibers  could be drawn f rom the elast ic  
melt .  

A l l  of these polymers  showed elasticity 

Monomers  

Bis(ani1ino) diphenyl silane was prepare.d using the procedure of 
Anderson (Ref. ,  3) by the reaction of diphenyldichloro,silane and aniline. 
Three hundred and twelve ml (4.0 moles)  of f reshly distilled aniline 
and 400 ml of benzene were  placed in a round bottom flask. 
and eight ml (1.0 moles) diphenyldichlorosilane in 2 5 0  ml of benzene 
were  added dropwise with rapid s t i r r ing.  
the reaction products were  allowed to stand overnight and then were  
filtered. 
and the aniline hydrochloride was removed by fi l trations.  
was evaporated to  approximately one half of its volume to  effect c ry-  
stallization of the de s i red  monomer.  he bi s(ani1ino) diphenylsilane' 

uct was a white crystall ine material that melted a t  156-161OC. The 
calculated values for  the elemental analysis  of this  compound a r e  C, 
78.6970; H, 6.0170, N, 7.65700; Si, 7 . 6 5 7 0 ,  and values found were  C, 
78. 00700; H, 5. 73700; N, 7 .  2070, Si, 8. 00%. 

Two hundred 

After refluxing for  one hour, 
. 

The f i l t ra te  
The fi l ter  cake was s lurred in 2 .  5 l i t e r s  of boiling benzehe, 

was dr ied at room tempera ture  under reduced T pres su re .  The final prod- 

The organic diols were  obtained f r o m  commerc ia l  sources ,  but 
The Bisphenol-A in each  case  they were recrystall ized before  using. 

was obtained f rom Dow Chemical, and al l  other diols were obtained f rom 
Eas tman Organic Chemicals. 

Poly c onden sat  i on s 

Equimolar amounts of the monomers  were  placed in a thick-walled. 
r e s in  kettle which was equipped with liquid take-off condenser and a 
vacuum source.  The kettle was heated, and the contents were  s t i r r ed  
with a hot plate-magnetic s t i r r e r  combination. 
used on the kettle to help remove the amine as  it was evolved. 
m e r s  were first mixed in the solid state,  and then he& was applied 
slowly. The monomers  were thoroughly mixed af te r  the'y melted. After 
about 30 minutes, vacuum was applied slowly. 
ditions were about 1 mm Hg vacuum a t  about 300-325OC.  
t ime was generally six hours.  

A heating mantel  was 
The mono- 

The final reaction con- 
The heating 
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Polymers  prepared  by the above reaction are  as follows: 

- a 

Polymer I, 

M. P. above 3 O O 0 C  

-Si- 
I 

L 
n 

Analytical: Calculated fo r  (Cl8HI4O2Si): C, 74. 45%;H, 4. 867'0; Si, 9. 677'0. 
Found-- c,  73. 4370o;H, 4. 5470; s i ,  10. 497'0. 

Polymer 11, 0 

A yield of 96. 770 of theory of a hard ,  b r i t t l e  polymer was obtained. 

M. P. 253-257OC 

M . P .  above 3OO0C 
Analytical: Calculated fo r  ( C, 78.6570;H, 4. 957'0;si, 7. 66%. 

Found- - C, 78. 137'0;H, 4. 940/o;Si, 8. 770. 
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Polymer  IV, Si - 0 

M. P. 123-125'C 

Analytical: Calculated f o r  (C2$1602Si)n: C, 77. 7570;H, 4. 71%; Si, 8. 2070. 
Found-- C, 77. 67%;H, 4. 7470; Si, 8. 9270. 

Polymer  V, 

r 

CH, 

Si-0 

c 

I '  
c+-o I 

M. P. 99-100°C 

Analytical: Calculated for (C27, 02, Si)n: C, 79. 37D/o;H, 5. 9270; Si, 6. 8870. 
Found-- C, 78. 4170;H, 5. 9470; Si, 7.10y0. 

Polymer  VI, Si - 0 -( CH2)6- 0 

A yield of 96. 070 of theory of a sticky solid polymer was  obtained. 

M. P. 253-257OC 

Analytical: Calculated f o r  (C18H2202Si)n: C, 72. 44700; H, 7. 4370; Si, 9. 4170. 
Found- - C, 71. 1370; H, 7. 11 70; Si, 9. 8670. 

7 



Copolymer VII, 

Q Q 
- Si-0 0 - Si- 0 - ( CH2)rC 

I I 

0 
A v e r y  tough semi-flexible polymer was formed.  

M. P. above 3OO0C 

Analytical: Calculated f o r  (C2,H2,0 Si)n: C, 75. 8670; H, 6. 06700; Si, 8. 4570. 
Found- - C, 74. 78700; H, 5. O8700;Si, 10. 770. 

Polymer VIII, 

M. P. 127-130°C 

Analytical: Calculated f o r  (C24H,,0,Si)n: C, 75. 33700; H, 4. 74700; Si, 7. 3470. 
Found - -  C, 75.46700; H, 4.67700; Si, 7. 9670. 

I The propert ies  of the polymers  prepared  a r e  given in Tables I and 11. 



The inf ra red  spec t ra  obtained on the polymers  presented in this  
r epor t  have been studied, and the correlat ion of data f r o m  these related 
compounds gives credence to their  assigned s t ruc tures  (FIG 1, 2, 
3, and 4). It is possible to give assignments to a romat ic  substitution 
pat terns ,  hydrocarbon groups, and silicon-to-oxygen bonds, etc. In 
polymers  I, ILZ, V, VII, and VIII,  there  is  a common adsorption band 
between 824 and 835 wave numbers ( cm- l ) .  
to the C-H out-of-plane deformation by the 1 , 4  
rings.  
tion bands at 720 and 690 c m - l .  
mono-substituted aromatic  rings attached to the silicon. 
of polymers  II and IV, i’dentification of the a romat ic  s t ruc tures ,  other 
than the mono-substituted system, is difficult. It may  be possible that 
the ve ry  strong adsorption bands at  768 cm-1 in  polymer 11 a r e  caused 
by the three  adjacent hydrogen atoms in  the 1 ,  3 disubstituted a romat ic  
ring. 
c m - 1  region that would enable one to ass ign  a romat ic  substitution. 
However, the shifting of the 1600 and 1590 cm-1 may be an indication of 
the naphthalene s t ructure .  Therefor e, additional data on similar polymer 
s t ruc tu res  would be required before positive assignments  can  be made. 

This band can  be attr ibuted 

In addition, all of the polymer spec t ra  show two distinct adsorp-  
These adsorption bands a r i s e  f r o m  the 

disubstituted a romat ic  

In the c a s e  

Polymer  IV does not show any specific bands in the 900 to 650 

Based on the correlat ion of data f r o m  these polymers  and other 
organo-silicon s t ruc tures ,  the sharp medium adsorption bands at 
1429 cm- l  and the s t tong broad system at 1125 c m - l  can be attr ibuted 
to  the Si-Phenyl linkage. 
band sys tem observed jus t  below11OO cm-1. 
observed between 1200 to 1300 wave numbers is apparently due to the 
phenoxysilicon portion of these polymer s t ruc tures .  
silicon assignment is indicated by the appearance of the very  strong band 
in  all of the spectra ,  except in the case  of polymer VI where this 
s t ruc ture  does not occur. The s t ructural  a r rangement  of the propyl 
group in polymer V should give r i se  to a vibrational pat tern similar 
to  that of an isopropyl radical.  
peak at 1429 cm-’  and the two weak peaks at 1385 and 1363 cm-1. 

The S i - 0  linkage gives r i s e  to ra ther  broad 
The adsorption band 

This phenoxy- 

This pat tern is confirmed by the strong 

Polymer  VI1 is a co-polymer of the s t ruc tures  suggested for  polymers  
Kt and VI. 
t he re  is  l i t t le  difference between these spec t ra  to  suggest a new s t ruc ture  
with the exception of the weak aliphatic CH doublet between 2850 and-2940 
wave numbers.  
indicate whether the suggested s t ructure  is cor rec t .  

It is evident when comparing the spec t ra  of 111 and VI1 that 

Thus,  the infrared spec t ra  of the polymer VI1 does not 
At this t ime,  it is 
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not understood why the adsorption intensity of this  CH doublet between 
2850 and 2940 cm- '  i s  weak, nor does the s t ruc ture  f o r  polymer VI1 
suggest why the normal  aliphatic stretching mode should be attenuated 
to the degree observed in the spectrum. Correlation assignments  for 
the diphenoxy linkage in polymer VI11 could not be made f rom the 
infrared spectra .  

The N-H vibration band of. amino-silanes between 3320 and 3340 
c m - l  i s  absent in each case ,  indicating that there  is no bis  (anilino) 
diphenyl silane present .  

DISCUSSION 

With the exception of polymer VI, all products a r e  soluble in 
tetrahydrofuran (THF),  dimethylformamide (DMF) or dimethylsulfoxide 
(DMSO). Protective coatings f r o m  THF solutions upon ceramic-coated 
metal  plates  have improved ultraviolet stabil i ty.  
change in percent reflectance with wave length for  i r radiat ion t ime of 
48 hours  a t  a p r e s s u r e  of 2 x 

(See Table IV. ) The 

mm Hg was determined. 

The thermal stabil i t ies of a l l  the polymers  a r e  given in FIG 5, 6 ,  
and 7 .  
nitrogen atmosphere by using a heating ra te  of 4. l0C p e r  minute. 

These were obtained by thermogravimetr ic  analysis  (TGA) in a 

FIG 5 presents  the TGA data of the four polymers  which a r e  t rue  
aromatic  types. It may  be observed f rom these data that polymer I11 
has  the best  thermal  stability, losing 10% of its weight a t  600OC. 
FIG 6 shows the effect of using a propyl group or oxygen between the 
two phenyl groups in this polymer. 
stable. 
"chain units" and a copolymer which contains both. It may be seen that 
the aliphatic polymer lost  most  of its weight a t  500°C while a 5 0 / 5 0  co- 
polymer i s  only slightly l e s s  stable than the totally a romat ic  polymer.  

Again, polymer I11 i s  the most  
FIG 7 shows the relative stabil i t ies of a romat ic  ve r sus  aliphatic 

When polymer 111 was prepared  with s tar t ing mater ia l s  which had 

These f ibers  showed an initial tenacity of 
been recrystall ized three  t imes,  fa i r ly  strong f ibers  could be drawn 
continuously f rom its melt .  
0. 5 grams/denier .  
should be greatly increased i f  proper  spinning methods a r e  used. 
Bri t t le  f ibers  could be drawn f r o m  the melt  of a l l  other polymers.  
m e r  VI11 gave a semi-flexible, fa i r ly  weak fiber which showed improved 
strength after drawing over a hot plate. 

Since they may  be hot o r  cold drawn, their  strength 

Poly- 
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A the-rmally p re s sed  film of 15 mil thickness of polymer I11 had a 
When tested as a tensile strength of 3560 psi  with an 11% elongation. 

hot mel t  adhesive on 1020 mild steel, the average tensile shear  strength 
of the polymer was 3920 pounds per square inch. 

Polymer I formed a good hot melt  adhesive and had tensile shea r  
strength of 2950 psi .  When the shear tensile strength of polymers  I 
and I11 was compared, an increase of about 33% was  observed due to 
the replacement of a benzene ring by diphenyl. 

The thermal  stability of copolymer VI1 was considerably bet ter  
than the polymer (VI) containing exclusively alkyl "chain units" and was 
only slightly infer ior  to the s t ructure  having only diphenyl group (111). 
Unfortunately, polymer VI1 could not be tested as a hot melt  adhesive 
because of insufficient melting a t  4OO0C (725OF). 
molecular weights ranging up to  180, 000 have been obtained with 
polymer 111. Table I11 shows the range of molecular weights obtained 
in var ious reactions.  No attempts were made to define conditions for  
obtaining maximum o r  optimum molecular weights. However, it may  
be noted in Table I11 that reaction time affects molecular weights. 

Number average 

Polymer  I11 produces a flexible coating on aluminum which may  be 
cured  by heating at 27OoC (518OF) for 16 hours.  
stable a f te r  being heated to 4OO0C (752OF) f o r  four  hours  and showed no 
decomposition a f t e r  96 hours  a t  27OoC (518OF). 

This film remained 

1 

CONCLUSIONS 

This investigation has  led to  the discovery and initial development 
of a new polymer system which gives many indications of being superior  
to present ly  available mater ia ls .  
is i t s  stability at elevated temperatures ,  being stable at 500°-6000C 
(932O-1112OF) for  short  periods of time. 

One of the most  outstanding proper t ies  

The best  of these polymers appear to be suitable for  improved 
coatings, laminates , '  f i lms,  f ibers ,  molding compounds, and adhesives.  
In each of these applications, the mater ia l s  have shown proper t ies  
which suggest their  potential commercial  application. The use of these 
ma te r i a l s  as thermal  control coatings, as molding compounds, and as  
adhesives may  be of value in several  a r e a s  of launch vehicle technology. 

11 



The application of these polymers  as  the rma l  control coatings 
appears  to  be especially promising. 
remained stable a f te r  four hours  at  4OO0C (752OF). This coating a l s o  
showed good stability when exposed to ultraviolet i r rad ia t ion  as  com-  
pared  to a commercial  high tempera ture  silicone coating. 

A thin coating on aluminum 

F U T U R E  P L A N S  

Since the initial r e su l t s  of th i s  investigation appear  quite favorable,  
P l ans  are  we present ly  plan to  evaluate these ma te r i a l s  in m o r e  detail .  

being made to evaluate fur ther  the f iber-forming proper t ies  of poly- 
m e r  I11 and its  use  as  a compression molding compound. 
a l so  is  planned to develop a chemical cu re  for  this  polymer so that  i ts  
use as  an  adhesive might be improved. 

A p r o g r a m  

Model compounds of the polymeric units will be p repa red  in o r d e r  
to study their  chemical stability and reactivity. 

Since these ma te r i a l s  have shown promise  as high tempera ture  
coatings, they a r e  being evaluated fur ther  and compared with other new 
high tempera ture  polymer sys tems.  

I 1 2  
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TABLE IV. ULTRAVIOLET IRRADIATION 

Irradiation Time: 48 Hours 
P r e s s u r e :  
U. V. Source: Hanovia Quartz Mercury-vapor  

2 .0  x 10-5 m m  Hg 

Lamp, Type 54A-10 

1 Polymer  LII Control Sample 

Wave length 70 Reflectance 

- m+J. 

400 

425 

450 

475 

500 

525 

550 

575 

600 

625 

650 

675 

700 

Initial 

69. 0 

79. 0 

82. 0 

84. 0 

85. 0 

87 .  0 

87. 0 

87. 0 

85. 0 

85. 0 

85. 0 

85. 0 

85. 0 

Final 

42. 5 

53.0 

60. 5 

68.0 

72. 5 

76. 0 

78. 0 

78. 5 

79.0 

81. 0 

81. 5 

81. 5 

82. 0 

70 Reflectance 

Initial 

64. 0 

78. 5 

81. 5 

84. 5 

85. 5 

87. 5 

87. 0 

87. 5 

87. 0 

85. 0 

85. 5 

85. 5 

85. 0 

Final 

25. 0 

35. 0 

46. 0 

57. 0 

65. 0 

72. 0 

76. 5 

79. 0 

81. 0 

82. 0 

82. 5 

82. 0 

82. 0 

23  

A commerc ia l  high temperature  coating material- (Dow Corning 808) 



REFERENCES 

1. MacFarland, R.', and Yankura, E. S., "Synthesis of Regulated 
Structure  Polyphenylether - Siloxane Block Copolymers,  'I 
Contract No. DA-19-020-ORD-5507, Quar te r ly  Report  No. 7, 
Naugatuck Division of United States  Rubber Company. 

2.  Breed ,  L. W . ,  and Elliott,  R. L. ,  "Synthesis of E l a s t o m e r s  
Containing Si-N Bonds in  the Main Chain, I t  Contract #DA-23- 
072-ORD-1687, Quarter ly  Report  No. 5 ,  Midwest Research  
In s titute . 

3. Rochow, E. G. ,  Chemistry of the Silicones, John Wiley and Sons, 
New York, New York, 2nd ed . ,  1951, P. 58. 

4. La r s son ,  E . ,  and Majorne, R . ,  Acta. Chemica Scandinavica, 
5, 964 (1951). 

5. Speir ,  J.  L . ,  Journal  of the American Chemical Society, 74, 
1003 (1952). 

6. Langer ,  S. H . ,  Connell, S . ,  and Wender, I . ,  Journa l  of Organic 
Chemistry,  23, 50 (1958). 

7. Smith, B . ,  Svensk Kemisk Tidskrift ,  65, (1953); Chemical 
Abstracts ,  48, 9907 a .  (1954). 

8. Pike,  R. M. ,  Journal  of Organic Chemistry,  26, 232 (1961). 

9. Pike,  R. M.,  Journal  of Polymer  Science, 50, 151 (1961). 

10. Anderson, H. H . ,  Journal of the American ChemicaLSociety, 
73, 5802 (1951). 

24 



NASA TM X-53028 APPROVAL Apri l  6, 1964 

SILANE POLYMERS OF DIOLS 

James  E. C u r r y  
and 

James  D. Byrd 

The information in this report  has  been reviewed for  securi ty  
classification. 
Defense o r  Atomic Energy Comission p rograms  has  been made  
by the MSFC Security Classification Officer. This report ,  in its 
entirety,  has  been determined to be unclassified. 

Review of any information concerning Department of 

R: E. SHANNON 
Chief, Non-Metallic Mater ia ls  Branch 

Chief, Materials Division 

F. B. CLINE I 
Acting Director ,  Propulsion and Vehicle Engineering Laboratory 

25 



DISTRIBUTION 

R-RP-DIR D r . Stuhlinge r 
R-P&VE-DIR Mr.  Cline 
R- P & V E  - V Mr.  Pa lao ro  
R-P&VE- S Mr. Krol l  
R- P &VE - P Mr. P a d  
R - P & V E  -E Mr.  Schulze 
R-P&VE-M Dr .  Lucas  (5) 
R-P&VE-  MN Mr.  Shannon 
R - P & V E -  MC Mr. Riehl 
R-P&VE-ME Mr.  Kingsbury 
R - P & V E  - MM Mr. Cataldo 

R-P&VE- MNC Mr.  Seitzinger 
R-P&VE-MNM Dr .  Stuckey 
R- P&VE - MNR Mr.  Schell 
R-P&VE-RT Mr.  Hofues 
MS-IP Mr.  Remer  

cc-P Mr.  Reece 
MS-H Mr.  Akens 
MS-T M r .  Wiggins 
Mr .  B. G. Achhammer, Code RRM 
Office of Advanced Resea rch  and Technology 
National Aeronautics and Space Administration 
Washington, D. C. 20546 

R- P & V E  - MNP (25) 

MS-IPL (8) 

A i r  F o r c e  Mater ia l s  Laboratory 
Research  and Technology Division 
A i r  F o r c e  Sys tems Command 
United States  A i r  F o r c e  
Wright-Pat terson A i r  F o r c e  Base,  Ohio 45433 
Attention: Mr.  J. J. Mattice (MANE) 

Dr.  John M. Butler 
Monsanto Research  Corporation 
Dayton Labora tory  
Dayton 7, Ohio 

Dr. Robert  E. Burks,  Jr. 
Southern Re s e a r c h  Ins  ti tute 
2000 Ninth Avenue South 
Birmingham 5, Alabama 



DIS TRIB U TION (C ONC LUDED) 

Mr. Russe l l  Towers 
Stauffer Chemical Colmpany 
Anderson Chemical Company 
Weston, Michigan 

Scientific and Technical Information Faci l i ty  (25) 
Attn: NASA Representative (S-AK/RKT) 
P. 0. Box 5700 
Bethe sda,  Maryland 

Dr.  Thomas G. Fox 
Director of Research  
Mellon Institute 
Pi t tsburgh 1 3 ,  Pennyslvania 

Mr. L. R. McCreight 
Manager,  Mater ia ls  Studies 
Space Science Labora tor ies  
General Elec t r ic  Company 
3750 D S t r e e t  
Philadelphia 24, Pennsylvania 

27 


